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Abstract 

The temperature dependences of the Hall coefficient and electrical resistivity recently measured by Moser et al. 
[Phys. Rev. Lett. 84, 2674 (2000)] in the quasi-one-dimensional organic conductor (TMTSF^PFe are quantitatively 
compared with our previous theoretical calculations [Synth. Met. 103, 2202 (1999); Eur. Phys. J. B 11, 385 (1999)j. 
We find a good agreement, albeit not with a fully consistent set of parameters for the two quantities. 
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Recently, the temperature dependences of the 
Hall coefficient, as well as electrical resistivity, were 
measured in the quasi-one-dimensional (Q1D) or- 
ganic conductor (TMTSF^PFg by the two groups 
[1,2]. The results were interpreted using the Lut- 
tinger liquid concept in Ref. [1] and the conven- 
tional Fermi liquid theory in Ref. [2] . Before the ex- 
perimental data became known, we had published 
theoretical calculations of the temperature depen- 
dences of the Hall coefficient [3] and electrical resis- 
tivity [4]. In the present paper, we quantitatively 
compare our theoretical predictions and the exper- 
imental results. Since we have calculated the Hall 
coefficient in the (a-b) plane, we compare only with 
the results of Ref. [1], where the Hall coefficient was 
measured in that geometry, unlike in Ref. [2] , were 
the (b-c) plane geometry was employed. Electrical 
resistivity, calculated in Ref. [4] for the direction 
along the chains, is compared only with the experi- 
mental results of Ref. [1], because they correspond 
to constant volume, unlike the constant-pressure 
results of Ref. [2]. 

The Hall coefficient Rh = u xy / Ha xx cr yyi where 
Oij are the components of the conductivity tensor 
and H is the magnetic field, is usually a constant, 
because, in a simple Drude model, a xy oc r 2 and 
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a xx,yy T i so the temperature-dependent relax- 
ation time r cancels out in Rh- However, the ex- 
periment [1] found that R H in (TMTSF) 2 PF 6 does 
depend on temperature. The authors invoked the 
Luttinger liquid concept in order to explain this ef- 
fect. However, it has been shown theoretically that 
Rh of weakly coupled one-dimensional Luttinger 
chains does not depend on frequency and tempera- 
ture [5] , because the power-law dependences of a xy 
and u yy cancel out. 

The Hall coefficient may depend on temperature 
if the system has relaxation times with different 
temperature dependences. (See discussion [6] of 
the "cold spots" for the cuprate high-temperature 
superconductors, where Rh is also temperature- 
dependent.) In Ref. [7], we had calculated the 
distribution of the umklapp scattering rates over 
the Fermi surface of a Q1D conductor and found 
that at low temperatures "hot spots" develop with 
a different temperature dependence. Using this 
distribution, we have calculated the temperature 
dependence of Rh in Ref. [3]. Fig. 1 shows our 
theoretical curve with the experimental points 
from Ref. [1]. In our calculation, the Hall coeffi- 
cient consists of two terms: Rh = RjP + R^h ■ The 
first term is a temperature-independent band- 
structure contribution. In our fit, it is taken to be 
R% ] = 6.1 x l(T 9 m 3 /C, which is 1.7 times greater 
than the value assumed in Ref. [1]. The second, 
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_ 9 UCLA: = 2.7; a R = 2.331 1e-007; rJJ' = 6.1354e-009; RMS = 2.0866e-010 



: = 1 .3; cc R = 0.23434; R^> = -0.0034563; RMS = 0.0042367 




Fig. 1. Temperature dependence of the Hall coefficient Rjj 
in the units of m 3 /C. Experimental points are from Fig. 

1 of Ref. [1] for the UCLA sample. The solid line is the 
theoretical curve (a) from Fig. 1 of Ref. [3]. 

temperature-dependent term is obtained by 
multiplying curve (a) of Fig. 1 from Ref. [3] by the 
factor an = 2.3 x 10 _7 m 3 /C. That corresponds to 
PFVF/tb = 38, which is 0.57 of the value assumed 
in Ref. [3]. The temperature scale of Fig. 1 from 
Ref. [3] is increased by the factor ar = 2.7, which 
means that the transverse tunneling amplitudes tf, 
and t' b are taken to be ar times greater than the 
values 300 K and 30 K assumed in Ref. [3]. Line 
(a) in Fig. 1 of Ref. [3] corresponds to the phases 
ip = ip' = in the transverse electron dispersion 
law (see the definitions in Ref. [3]). The other 
curves shown in Fig. 1 of Ref. [3] for different val- 
ues of the phases qualitatively disagree with the 
experimental behavior [1] . 

In Ref. [4] we have calculated the temperature 
dependence of electrical resistivity R xx along the 
chains by taking into account renormalization of 
umklapp scattering. Fig. 2 shows our theoretical 
curve with the experimental points from Ref. [1]. 
The theoretical line is taken from Fig. 4 of Ref. [4] 
with the parameters ip = tt/A, ip' = 2ip,ti, — 290 K, 
t' b = 20 K, and the temperature scale is increased 
by the factor ar = 1-3. The vertical scale of Fig. 4 
of Ref. [4] is multiplied by the factor or = 0.23. 

Overall, the theory correctly captures the exper- 
imental features. However, the sets of model pa- 
rameters utilized to obtain the fits in Figs. 1 and 

2 are not the same. First, the values of the phases 
ip and ip' are different. The Hall coefficient is very 
sensitive to the choice of ip and ip' , and a sensible 
fit is possible only when the phases are zero or close 
to zero. On the other hand, R xx is less sensitive to 
the choice of the phases. If the phases are zero, the 
main problem is the upturn of R xx when temper- 
ature approaches to the SDW transition temper- 



Fig. 2. Temperature dependence of electrical resistivity 
along the chains. Experimental points are from Fig. 2 of 
Ref. [1] for the Ris0 sample. The solid line is the theoretical 
curve with tp = ir/A and t', = 20 K from Fig. 4 of Ref. [4]. 

ature (see Fig. 4 of Ref. [4]). The upturn can be 
suppressed by selecting a small but finite value for 
the phases (see the other curves in Fig. 4 of Ref. 
[4]) or by selecting a greater value for t' b (see Fig. 
6 of Ref. [4] ) . The second problem is the difference 
in the temperature scales ax utilized to obtain the 
fits in Figs. 1 and 2. While the scale 1.3 for R xx is 
reasonable, the value 2.7 for Rh is too big. How- 
ever, the scale of Rh is controlled primarily by t' b 
(because R$ = if t' b = [3]), whereas the scale 
of R xx is controlled by t\>. So the agreement could 
be achieved by increasing t' b without increasing % . 
The increase of t b could suppress the SDW transi- 
tion, which is present at the ambient pressure, but 
that could be compensated by an increase in the 
interaction strength. 

The space of model parameters is big, and there 
are opportunities to achieve better agreement with 
the experiment by optimizing the choice of param- 
eters. Our first try presented here appears to be 
promising. 
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